ABSTRACT The femur, a rib, and a third metacarpal were collected from 108 barrows (initial weight = 57 kg) and analyzed to determine the effects of porcine somatotropin (pST) and dietary lysine on bone mineralization and mechanical properties. In Exp. 1, pigs were injected daily with 4 mg of pST and fed diets containing 1.0% Ca and .9% P and either .6, .8, 1.0, 1.2, or 1.4% lysine. Control pigs (placebo injection) received the .6% lysine diet. Bone wall thickness (BWT) of the femur increased (linear, P < . 0 5 ) but ash content decreased (linear, P < .lo) as dietary lysine level increased. Stress and ash content of the rib also decreased (linear, P < . 0 5 ) with increasing dietary lysine level. In Exp. 2, pigs were injected with either 4 or 8 mgid of pST and fed diets containing 1.1% Ca and 1.0% P and either .8, 1.0, 1.2, or 1.4% lysine. Control pigs received the 3% lysine diet. Increasing pST dosage increased BWT of the femur (linear, P < . l o ) but decreased ash content (linear, P < .lo). In the rib, increasing pST dosage reduced stress, modulus of elasticity (linear, P < .lo), and ash content (linear, P < .01). Increasing lysine level resulted in increased BWT of the femur and decreased ash content of rib, femur, and metacarpal (linear, P < .lo). These data indicate that pST administration in conjunction with increasing lysine levels decreases bone ash content but increases BWT of finishing pigs.
Introduction
Porcine somatotropin (pST) exerts its effects on growth performance and carcass traits by altering carbohydrate, protein, lipid, and mineral metabolism. These changes result in improvements in growth rate, efficiency, and carcass quality of pigs treated with pST Evock et al., 1988; Goodband et al., 1990 Goodband et al., , 1993 . Although the changes in protein and adipose tissue growth are well documented, little is known about the effects of pST on bone development. Bryan et al. (1989) reported mobility problems in gilts after long-term (up to 65 d ) daily administration of 70 pg of pST/kg BW. Similar mobility problems were observed in approximately 50% of pigs treated with > 70 pg of pST/kg BW for 77 d (Evock et al., J. h i m . Sci. 1993 Sci. . 71:673-678 1988 . Recently, Caperna et al. (1989) reported increased bone weight of femurs from pST-treated pigs; however, the increased weight apparently was a result of increased water content of the bone. Because pST increases the lysine requirement of finishing pigs (Goodband et al., 1990, 19931 , Ca and P allowances also may be affected. observed no response in growth performance of finishing pigs injected with pST and fed increasing dietary P; however, bone mineralization was enhanced by increased P level, and pST administration increased bone wall thickness. Mechanical properties such as stress (strength) and elasticity were not evaluated. Therefore, this study was conducted to examine the effects of pST administration and dietary lysine level on bone mineralization and mechanical properties in finishing pigs.
Experimental Procedures
Animals. A total of 108 barrows (initial weight = 57 kg) were used in two experiments. Pigs were allotted by weight and ancestry in a randomized complete block design to experimental treatments and were Bone Analyses. Bones were allowed to thaw at 4°C overnight and manually cleaned of connective tissues. Bones were stored in plastic bags while being thawed but were allowed to dry at room temperature for approximately 30 min before determination of mechanical properties using an Instron Universal Testing Machine (Instron, Canton, MA). Crosshead speed was 5 mm/min. All calculations for bending moment, stress, strain, modulus of elasticity, and bone wall thickness were determined using formulas and methods described by Crenshaw et al. (1981a, b) . Bones were cleaned of any remaining connective tissue, extracted in petroleum ether for 48 h, and dried in an oven at 38°C. From the femur, a 10-cm section was taken midshaft, and the marrow was removed before lipid extraction. All bones were ashed at 600°C for 12 h. Ash is expressed as a percentage of the dried, fat-free bone.
Stutistical Analysis. Data were analyzed using the GLM procedure of SAS (1985) . Linear, quadratic, and cubic comparisons of treatment means were made for pST-treated pigs, whereas control pigs were compared to pST-treated pigs fed .6% lysine by using a nonorthogonal contrast. In Exp. 2, data analyses were conducted according to the methods described by Milliken and Johnson (1984) as a 2 x 4 factorial with a control treatment. Linear, quadratic, and cubic comparisons of treatment means were made for lysine main effects, and linear and quadratic comparisons were conducted for pST treatment means.
Results
Growth performance and carcass characteristics of the pigs have been described previously (Goodband et al., 1990 (Goodband et al., , 1993 . In Exp. 1, control pigs had higher APA ( P < . l o ) than pST-treated pigs fed .6% lysine by d 28 and at the conclusion of the experiment (Table  2) . Bending moment of the femur decreased then increased (quadratic, P < . l o ) as lysine level increased (Table 3 ) . A similar trend ( P > .20) was observed for stress and modulus of elasticity. Ash content of the femur decreased (linear, P e .lo>, but bone wall thickness increased (linear, P e .05) as dietary lysine increased. Bending moment of the rib was unaffected by experimental treatment ( P > .30); however, stress and ash content decreased (linear, P e .05) with increasing lysine level. Strain of the rib tended to increase, then decrease (quadratic, P c: . l o ) with increasing lysine level. Mechanical properties and ash content of the metacarpal were unaffected by aA total of 36 barrows with an average initial weight of 57.6 kg. Pigs were removed from the bControl vs. . 6 6 lysine, pST ( P < ,051.
'Control vs. ,656 lysine, pST ( P < .lo).
experimental treatment with the exception of strain, which decreased (linear, P < .05) as lysine level increased. In Exp. 2, APA was not affected by pST dosage; however, it was decreased (linear, P < .05) on d 14 and at the end of the experiment as dietary lysine level increased (Table 4 ) . No pST x lysine interactions were observed (Table 5 ) with the exception of bending moment of the metacarpal ( P < .05). Bending moment of the femur tended to increase ( P > .20) with increasing pST dosage and dietary lysine level. Modulus of elasticity tended ( P > .20) to decrease with increasing lysine level. Ash content of the femur was decreased (linear, P < .lo) with increasing lysine level. Bone wall thickness increased as lysine level increased (linear, P < .01) and as pST dosage increased (linear, P < .lo). Bending moment of the rib was unaffected by experimental treatment; however, stress and modulus of elasticity decreased as pST dosage increased (linear, P < .lo). Ash content of the rib also was reduced by pST (linear, P < .01) and increasing lysine level (linear, P < . l o ) .
Metacarpal bending moment of pigs injected with 8 mgid of pST was similar across lysine levels (range of 111 to 126 kg). However, metacarpal bending moment of pigs injected with 4 mgid of pST was more variable (105 to 143 kg), which may have accounted for the interaction ( P < .05). Stress and modulus of elasticity tended to decrease ( P > .25) with increasing pST dosage but increased and then decreased (quadratic, aData collected on bones from 36 barrows ( n = 6 ) . Linear and quadratic comparisons correspond only to pST treatments. bQuadratic effect of lysine ( P < . l o ) .
CLinear effect of lysine ( P < .lo).
dLinear effect of lysine ( P < ,051. 
Discussion
Our data indicate an alteration in bone strength and mineralization in response to pST and dietary lysine. These effects are a direct response to pST administration and changes in growth rate because Ca and P levels were identical between treatments within experiments. In both experiments, APA tended to decrease with increasing lysine level. However, only in Exp. 1 did APA concentration fall significantly below values for control pigs. This response was unexpected, based on the increased bone wall thickness observed. Porcine somatotropin administration has been shown t o increase the concentration of insulin-like growth factor I ( IGF-I; Chung and Etherton, 1986; Evock et al., 19881 , which is a potent stimulator of osteoblast proliferation (McCarthy et al., 1989) . Alkaline phosphatase is secreted by osteoblasts during active bone formation, such as during rapid growth and after a major bone fracture (Guyton, 196 1) . Therefore, increased bone wall thickness is k i n e a r effect of lysine ( P < .IO). 'Linear effect of lysine ( P < .01). %inear effect of PST ( P < .IO).
eLinear effect of pST ( P < .01).
fQuadratic effect of pST ( P < .lo).
a y s i n e x pST interaction ( P < .05).
hQuadratic effect of lysine ( P <: .05).
probably in part a result of IGF-I-stimulated osteoblast proliferation, and APA would be expected to increase relative to that of control pigs. Alkaline phosphatase activity of boars fed various Ca:P ratios (Nimmo et al., 1980) suggested that lowered mineralization was correlated with high APA. We have no explanation for the decreased APA and the concurrent increase in bone wall thickness in pST-treated pigs fed higher lysine levels.
Higher IGF-I concentrations, stimulated by exogenous pST and adequate nutrient density (Buonomo and Baile, 19871 , would stimulate collagen formation (McCarthy et al., 19891 , as observed by the greater bone wall thickness of the faster-growing pigs. Because the bones had thicker walls, bending moment was unaffected. However, when changes in bone diameter were accounted for in calculations for stress, actual bone strength decreased. This corresponds with the decreased modulus of elasticity observed, indicating that the faster-growing pigs had more pliable bones. Growing boars have been shown to have bones with greater wall thickness but less strength and mineralization than bones of barrows or gilts (Liptrap et al., 1970; Crenshaw et al., 1981b) . This suggests that mineralization may not be able to keep up with bone matrix growth in faster-growing pigs, which would explain our results. Decreased mineralization may also be caused by differences in physiological maturity based on growth rate of pST-treated pigs. Because pST administration effectively inhibits initiation of the "fattening" phase in the pig's growth curve, perhaps bone development proceeds at an enhanced rate similar to the increased protein accretion. Thus, bones of pST-treated pigs may still have been growing rapidly compared with those of control pigs.
A second hypothesis regarding decreased mineralization of bones from pST-treated pigs involves prioritization of nutrients to more essential body functions. Pigs treated with porcine somatotropin have elevated concentrations of blood metabolites and hormones, which may increase cellular Ca and P requirements, thus making less Ca and P available for bone growth. In support of this, increased P in longissimus muscle samples from pST-treated pigs has been observed (Goodband et al., 1990) .
Bones of the axial skeleton are more responsive to demineralization than are long bones of the extremities (Mahan and Fetter, 1982; Maxson and Mahan, 1986) . Ribs from pigs in both the present experiments had decreased stress; however, all bones examined showed similar trends in bending moment and modulus of elasticity. Ash content also was decreased in all bones, with the exception of the metacarpal in Exp. 2.
In previous studies in which leg weakness and mobility problems have been observed (Evock et al., 1988; Bryan et al., 1989) , higher dosages of pST were used for longer periods of time and lower dietary Ca and P levels (.70 and .65% calculated, respectively) were provided than in our studies. These conditions may increase the potential for mobility problems in pigs, as indicated by the changes in mechanical properties and bone mineralization in our study.
Increased dietary P concentrations (. 4 to . 8 % ) have been shown to have no effect on growth performance of pST-treated pigs; however, bone ash and bone wall thickness were enhanced at the .6 and .8% P level (Schricker , 19 9 0). Furthermore, no improvements have been reported in growth performance of pST-treated pigs compared to control pigs in response to increasing dietary Ca and P levels (Carter et al., 1991) . However, pSTtreated pigs required higher dietary Ca and P levels to maximize bone strength and mineralization (Carter et al., 1991) .
To achieve maximum longevity of sows, research has suggested that concentrations of Ca and P for growing gilts greater than those required t o enhance growth performance are needed (Reinhard et al., 1976) . This would maximize bone ash and strength and provide a Ca and P reservoir to buffer the negative Ca and P balance that occurs during lactation. Extrapolation of our results suggests that the longevity of pST-treated gilts kept in the breeding herd may be shorter than that of untreated gilts, because bone ash and strength were not maximized in barrows. However, because pST stimulated the growth of the collagen matrix, there may be potential for compensatory mineralization after gilts are selected for breeding. This compensatory response has been observed in pigs fed inadequate Ca and P levels during the growing phase, followed by adequate Ca and P levels during the finishing phase (Cera and Mahan, 1988) . Recent research (Weeden et al., unpublished data) confirms that pST-treated gilts had thicker, more elastic bones than control gilts. However, during a 35-d period after pST administration, bone strength (stress) increased in pST-treated gilts, indicating compensatory mineralization. Further research is necessary to determine the Ca and P levels necessary during the finishing and postfinishing (prebreeding) periods to maximize bone mineralization, if pST is to be administered to replacement gilts.
Implications
Porcine somatotropin and dietary lysine alter the rate, efficiency, and composition of gain in swine. Furthermore, bone growth is affected, resulting in weaker, more elastic, and less mineralized bones in barrows treated with porcine somatotropin. However, bone wall thickness is increased by somatotropin administration and increased dietary lysine level. 
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